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Background: Altered cortical excitability is thought to be part of migraine pathophysiology. Reduced magnetic
suppression of perceptual accuracy (MSPA) has been found in episodic migraine with aura and in chronic migraine,
and has been interpreted as reduced inhibition of the occipital cortex in these migraine subtypes. Results are less
clear for episodic migraine without aura. In the present study we compared MSPA between 24 healthy controls and
22 interictally measured episodic migraine patients without aura. In addition, we investigated test-retest reliability in
33 subjects (24 controls, 9 migraine).
Findings: Visual accuracy was assessed by letter recognition and modulated by transcranial magnetic stimulation
delivered to the occipital cortex at different intervals to the letter presentation (40, 100 and 190 ms). The results
confirm suppression of visual accuracy at the 100 ms interval (p < 0.001), but there were no significant group
differences (percentage of correctly recognized letters, control: 36.1 ± 36.2; migraine: 44.0 ± 32.3, p = 0.44). Controls
and migraine patients were pooled for assessment of test-retest reliability (n = 33). Levels of suppression at 100 ms
were similar at test (percentage of correctly recognized letters: 42.3 ± 32.6) and retest (41.9 ± 33.8, p = 0.90) and
test-retest correlations were good (r = 0.82, p < 0.001).
Conclusions: The results demonstrate that occipital cortex inhibition as assessed with MSPA is not reduced in
episodic migraine without aura. This suggests a larger role of occipital cortex excitability in episodic migraine with
aura and in chronic migraine compared to episodic migraine without aura. Test-retest reliability of MSPA was good.
Keywords: Magnetic suppression of perceptual accuracy; Transcranial magnetic stimulation; Migraine; Cortical
excitability; Test-retest reliabilityFindings
Background
Migraine is a disabling disorder, affecting roughly 13% of
the adult population [1]. Altered cortical excitability
likely contributes to migraine pathophysiology [2]. Visual
aura is the most prevalent aura symptom in migraine
and is clearly related to the excitability of the visual cor-
tex [3]. Therefore, the occipital cortex is believed to play
a prominent role in migraine pathophysiology. One way
to assess occipital cortex excitability is to measure mag-
netic suppression of perceptual accuracy (MSPA). In this
technique, a single transcranial magnetic pulse (TMS)
delivered over the occipital cortex impairs recognition of
letters presented on a screen 100 ms before the pulse
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which has been interpreted as a lack of occipital intra-
cortical inhibition. Results are less clear for episodic mi-
graine without aura. One study found no difference in
MSPA between controls and subjects with episodic mi-
graine without aura, however, the groups were relatively
small (14 migraine patients without aura and 13 con-
trols) and migraine frequency was low (1.5 ± 1.1 mi-
graine attacks/month) [6]. Two studies showed reduced
MSPA in episodic migraine (5 episodic migraine pa-
tients, 5 controls), but it was not stated if the patients
suffered from migraine with or without aura [7,8].
In the present study, we investigated a larger sample
of controls (n = 24) and episodic migraine patients with-
out aura (n = 22) that were more severely affected (4.9 ±
2.2 headache days/month) to provide more conclusive
evidence if MSPA is reduced in migraine without aura.
As cortical excitability has been shown to change arounds an Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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interictal phase. In addition, we determined the test-




Experiments were performed at the Department of Neur-
ology of the University of Munich. The study was con-
ducted in accordance with the Declaration of Helsinki and
approved by the local ethics committee. Subjects provided
written informed consent.
25 controls and 25 episodic migraine patients without
aura with normal or corrected-to-normal vision were re-
cruited by advertisements on the campus. Migraine, and
the absence of other headache types, was diagnosed ac-
cording to the International Classification of Headache
Disorders (ICHD-III) [9] by an experienced physician from
the supraregional outpatient headache clinic at the Depart-
ment of Neurology. Controls had to be free of any head-
aches. Participants had to be free of migraine preventive
medication for at least 4 weeks prior to participation. Anal-
gesic medication and triptans were allowed, but not within
48 hours before the experiment. Migraine patients were
tested interictally (no headache within 48 hours before and
after the experiment). Subjects were investigated two times
within 2–3 weeks. Three migraine patients who developed
headache within 48 hours after both sessions and one con-
trol who was not able to tolerate TMS had to be excluded,
leaving 22 migraine patients (age 28.1 ± 6.9; 1 male) and 24
controls (age 25.3 ± 6.2; 3 males, Table 1) for the group
comparison. An additional 13 migraine patients developed
headache within 48 hours after one of the two sessions,
leaving 9 migraine patients for the test-retest analysis. For
group comparison, control subjects were matched to mi-
graine patients for use of data from the first (16 control, 13
migraine) or second (8 control, 9 migraine) session. The
high incidence of headache after the sessions may be due
to the fact that TMS can induce headaches [10].
Assessment of MSPA
MSPA was measured according to published methods




Age 25.3 ± 6.2 28.1 ± 6.9
Gender (male:female) 3:21 1:21
Headache history (years) - 10.7 ± 6.1
Headache days/month - 4.9 ± 2.2
Headache intensity (1–10) - 6.8 ± 1.3Methods. Briefly, subjects were seated in front of a com-
puter monitor on which trigrams (3-letter sequences)
were flashed for 30 ms. Subjects were asked to report
the letters in the correct order. During a training run,
the contrast was adjusted so that approximately 80% of
the letters were correctly recognized. During the experi-
mental run, presentation of every trigram was followed
at randomized intervals of 40, 100 and 190 ms by a TMS
pulse of 70% maximal output (Magstim 200, The Mag-
Stim Company Ltd, Whitland, UK) delivered via a
90 mm circular coil to the occipital cortex. The interval
between the start of the trigram presentation and the
delivery of the TMS pulse is called stimulus onset asyn-
chrony (SOA). 54 trials were performed and the percent-
age of correctly recognized letters was calculated for
each SOA interval. During the retest session, the con-
trast was identical to the first session but a training run
was performed nonetheless.
Statistical analysis
Data was analyzed using the Statistical Package for Social
Sciences (SPSS, version 22, IBM Corporation, Armonk,
New York, USA). Values are given as mean ± standard de-
viation (SD) unless otherwise stated. P < 0.05 was consid-
ered significant. Age and sex were compared between
groups using t-test and chi-square test respectively. MSPA
was compared between groups using ANOVA (within-
subject factor: SOA, between-subject factor: group), t-tests
and Bonferroni posthoc tests as appropriate. Test-retest
reliability was assessed using ANOVA (within-subject fac-
tors: session and SOA), t-tests, and Pearson’s and intra-
class correlation coefficients (ICC) as appropriate.
Results
Characteristics of the study cohort are given in Table 1.
Age and sex were not significantly different between
controls and migraine patients (age: T[44] = 1.5, p = 0.15,
sex: χ2[1] =0.9, p = 0.34).
MSPA profiles of controls (n = 24) and migraine patients
(n = 22) are shown in Figure 1 and Additional file 1: Table
S1. A significant main effect of SOA interval (F[1.6] = 58.1,
p < 0.001), and posthoc tests (all p < 0.001) confirmed sup-
pression of visual accuracy at SOA intervals of 100 ms,
compared to 40 or 190 ms. There was no significant inter-
action between SOA interval and group (F[1.6] = 0.4,
p = 0.64) and no significant difference in the percentage of
correctly recognized letters at 100 ms SOA between mi-
graine and control subjects (T[44] = 0.78, p = 0.44). In
addition, there was no correlation between the percentage
of correctly recognized letters at 100 ms SOA and the
number of headache days per month in migraine patients
(r = −0.13, p =0.56).
Test-retest reliability over 2–3 weeks was assessed in



















Figure 1 Group differences in magnetic suppression of
perceptual accuracy (MSPA). MSPA profiles are illustrated for
interictal migraine patients (n = 22) and controls (n = 24) as mean ±
SEM. SOA, stimulus onset asynchrony (time in milliseconds between
the appearance of the trigram and the delivery of TMS). The y-axis












































Figure 2 Test-retest reliability of magnetic suppression of
perceptual accuracy (MSPA). A. MSPA profiles (percentages of
correctly identified letters) are illustrated for 33 subjects (22 controls,
9 migraine patients) at baseline and at retest 2–3 weeks later (mean
± SEM). B. Correlations between correctly identified letters at 100 ms
SOA at baseline and at retest (2–3 weeks later) are illustrated. The
linear regression line and corresponding Pearson’s r are given. SOA,
stimulus onset asynchrony (time in milliseconds between the
appearance of the trigram and the delivery of TMS).
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low number of migraine patients with two interictal
measurements available, groups were pooled for assess-
ment of test-retest reliability. ANOVA revealed no main
effect of session (F[1,32] = 1.81, p = 0.19) and no inter-
action between SOA interval and session (F[1.9] = 1.1,
p = 0.33). Also, there was no significant difference in the
percentage of correctly recognized letters at 100 ms
SOA between migraine and control subjects (T[32] =
0.13, p = 0.90). Correlations of percent correctly recog-
nized letters at 100 ms SOA between test and retest
were high (r = 0.82, ICC = 0.82, p < 0.001). It has been
proposed that because of different rates of basal recogni-
tion of letters, a suppression score (percentage of cor-
rectly recognized letters at 100 ms SOA divided by
maximum percentage of correctly recognized letters at
any other SOA) would be a more reliable measure of
MSPA [7,8]. Results using suppression scores were
equivalent to those shown above (see Additional file 1:
Results).
Discussion
The main result of the present study is that MSPA is not
reduced in episodic migraine without aura. This con-
firms data from a previous study that showed reduced
MSPA in migraine with aura, but not in migraine with-
out aura in a smaller and less severely affected cohort
(14 patients with migraine without aura, 1.5 ± 1.1 mi-
graine attacks/month, [7]). It has been suggested that
MSPA is the result of direct activation of inhibitory in-
terneurons in the occipital cortex by the TMS pulse, and
that reduced MSPA indicates impairment of occipital in-
hibitory neural networks, resulting in functional hyper-
excitability [13,6]. Occipital hyperexcitability may favourcortical spreading depression, which is thought to initi-
ate migraine attacks with visual aura [14]. In contrast,
occipital spreading depression does not seem to play a
major role in migraine without aura [15]. Reduced
MSPA in migraine with aura but not in migraine with-
out aura is consistent with these pathophysiological
ideas. However, previous studies have also shown re-
duced MSPA in chronic migraine [7,8], which in most
cases develops from migraine without aura. The present
results, with no correlation between MSPA and number
of headache days, do not directly support the concept of
MSPA decreasing with migraine frequency, reaching
minimal values in chronic migraine [7,8]. A large pro-
portion of the chronic migraine patients tested previ-
ously overused acute headache medication [7,8]. In
addition, it is difficult or even impossible to test chronic
migraine patients interictally. This is important since
cortical excitability changes rapidly in the peri-ictal
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testing may have contributed to the MSPA reduction re-
ported in chronic migraine [7,8]. Further studies will be
necessary to clarify this point.
A previous study has shown good reproducibility of
MSPA group mean values at test and retest after 2 weeks
in 10 healthy volunteers [12]. Our results confirm these
results in a larger group (n = 33) also including migraine
patients and complete these findings by also assessing
the test-retest correlation, which was good. Unfortu-
nately, only 9 migraine patients could be tested interic-
tally during test and retest, precluding a separate
analysis of test-retest reliability in controls and migraine
patients.
Additional file
Additional file 1: Methods. Apparatus and procedures in detail.
Results. Analysis of suppression scores. Table S1. MSPA group
comparison. Table S2. MSPA profiles at baseline and retest.
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